Snail shells (SnS), which represent the discarded bio-shell waste of snails' remnants from restaurants and eateries constitute a serious degree of environmental threat with little or economic value. The effective utilisation of this waste into a green metal matrix composite as a low cost reinforcement material applicable in the automotive industry in lieu of its present hazardous impact had stimulated the research interest. Hence, this paper studies the potential utilisation of SnS as a low cost reinforcement material in the metal matrix composites (MMCs) by means of a characterisation technique. The mineralogical composition and physical properties of the snail shell powder was carried out using the density determination, thermogravimetric analysis (TGA), refractoriness, energy dispersive X-ray (SEM/EDX), X-ray fluorescent (XRF) and the X-ray diffraction (XRD) analysis at 0, 800, 850 and 900 C. The TGA result shows that the SnS attained its thermal stability at 840 o C. The above results imply that SnS with (9.4-25.9) % lesser density when compared with agro or industrial wastes reinforcement material (flyash, coconut shell ash, maize husk, bagasse) in the metal matrix composite looks promising as a reinforcing material in the production of light weight metal matrix composites at low costs. Also, the high refractoriness temperature of the snail shell particle suggested it as a suitable candidate reinforcement material in the production of thermal resistance MMCs applicable in automotive components such as pistons and connecting rods.
INTRODUCTION
The limited availability and high cost of commonly used synthetic reinforcement material in metal matrix composites (MMCs) had hindered the industrial production of MMCs on a large scale for instance, in the automotive industry [1] [2] [3] [4] [5] [6] . Thus, researchers are now focusing on the use of industrial and agro allied waste products as an alternative source of reinforcement materials in the MMCs production at low costs that are future assured as a way out of the current limitation. Most of these wastes are borne out of the increasing human population and activities which had resulted in the generation of colossal wastes without a viable economic benefit as well as disposal challenges and environmental threats. A crystal clear fact of such evidence of wastes in Nigeria and other tropical regions of the world are snail shells [7] . The increasing demand for snail meat in Nigeria and other parts of the world due to its nutritious and medicinal benefits has cumulated in the over swelling of dumping sites with discarded snail shells thus resulting in environmental hygiene challenges [8, 9] . Snail shells are remnants of snail animals usually discarded after the removal of the snail flesh from the shells as a by-product of domestic households, restaurants and eateries. They are largely available in most humid tropical forests of West African countries including Nigeria and are eaten in different parts of the world [7] . Joshua et al. noticed that the arbitrary discarding of these wastes had caused several degrees of injuries in children with environmental pollution. Hence, there is a need to reclaim these bio-shell wastes for further processing into green technological products/material, such as metal matrix composites for viable economic value.
Metal Matrix Composites (MMCs) are an engineered combination of metal (matrix) and hard particles (reinforcement) to produce properties of a desired specification [10] [11] [12] [13] . Due to the rapid industrial and technological growth, given the opportunities for various applications, economic and environmental benefits, it is becoming increasingly important to develop material that will have a good strength-toweight ratio suitable for automotive, aerospace and defence applications from industrial, agro and bio-waste resources [14] . These properties are easily achievable with the aluminium alloy based metal matrix composite (AMC) at lower costs [15] [16] [17] [18] . The fabrication of an enhanced composite material can be done through the careful selection of proper reinforcement materials having the modulus and stiffness higher than the base metal or alloy materials [19] . Hence, the reinforcement material must have a higher strength and hardness value compared to the continuous soft ductile nature of the matrix phase. Reinforcement materials, which may be metallic or non-metallic (ceramics, agro and bio-waste), can be classified based on geometry into continuous and discontinuous fibre, wiskers or particles reinforcement materials. Rajeshkumar et al. reported that the mechanical properties of MMCs with discontinuous fibre, whisker or particles are not as superior as those of continuous fibre reinforced composites; however, particulate metal matrix composites (PMMCs) have isotropic properties with simple and cost effective production advantages which could be automated. Also PMMCs can easily be tailored for specific applications by varying the parameters thereof such as the particle size, volume fraction, stirring speed and time, melt temperature and solidification rate. The suitability of these particulate materials as a reinforcing phase in the matrix composite fabrication is usually determined via their combined physical and chemical genetic makeup characteristics of such material via the characterisation analysis route.
Research works on the mineralogical characterisation of industrial waste (fly-ash) and agro-waste materials such as sugar cane bagasse ash, coconut ash, bread fruit hull ash, groundnut husk ash, maize husk and rice husk ash as reinforcement material in metal matrix composites have been reported extensively in the literature [1, [20] [21] [22] . Their suitability as reinforcement materials were hanged upon the presence of hard phase substances with lighter density characteristics as well as the capability to withstand higher temperature conditions [21] . Atunaya et al. [23] characterised breadfruit seed hull ash for a potential utilisation in the metal matrix composite for automotive application and found that it contains hard phase substances suitable for reinforcement materials in the metal matrix composites with thermal resistance properties. A similar result was obtained by Madakson et al., using coconut shell ash. In a similar research work of Ravinder and Harvinder, both treated and untreated rice husk ash and flyash were characterised with the purpose of determining their mineralogical reinforcement properties in the metal matrix composites. The results revealed the presence of hard phase materials in both treated and untreated materials suggesting them for use as reinforcement materials in the metal matrix composite for the wear resistant application. Works on bio-waste shells such as snail shells in MMCs are limited when compared with synthetic material and agrowastes material as reinforcement. Snail shells are bio-waste remnants of domestic households, restaurant and eateries. Nevertheless, there have been some bodies of literature on snail shells used in polymer composites [24, 25] . However, studies on snail shells in the metal matrix composite had rarely been found until recently when the effect of the weight fraction of snail shell particles ranging from 16 to 48 wt.% and grain size of 200, 400 and 600 μm on the tensile and hardness properties of aluminium obtained from a discarded aluminium alloy was investigated [26] . However, the result obtained was contrary to the behaviour of most synthetic, industrial and agro-waste reinforcement materials in which the strength and hardness of the reinforced composites increases with the decrease in particle size as revealed by some researchers [27, 28] . Hence there is a need to carry out the mineralogical properties characterisation analysis for snail shell powder in order to further elucidate its characteristic potentials as reinforcement in the matrix melt for optimum exploration of its application in MMCs. In addition, the particular species of snail shells used was unknown. Hence, the objective of the present work is to characterise the bio-waste of Archachatina Marginata snail shells for potential utilisation in metal matrix composites aimed at obtaining low cost reinforcement materials for the development of automobile engineering components. The successful achievement of this goal as part of an on-going research work will provide stepping stone information on its physical, thermal and chemical make-up properties of SnS which are vital towards selecting optimum processing parameters for the fabrication of metal matrix/ SnS composites for various engineering applications. Amongst other advantages are the economic benefits through foreign exchange earnings and environmental control measure.
MATERIALS AND METHODS

Material
The snail shells used in this work are of the Archachatina Marginata species and were obtained in the Abegunde Village, Okitipupa Local Government, Ondo State, Nigeria. Figure 1 shows a pictorial cross-section of the snail shells sample.
Equipment
The equipment used in this work includes: a carbolite electric furnace (KSL 1500X) with a maximum operating temperature of 1200 o C, a scanning electron microscope with an energy dispersive spectrometer SEM/EDS machine (ASPEX 3020), X-ray fluorescent (XRF-Pananalytical, minipal 4), an Empyrean X-ray diffractometer DY 674 (2010) with 40mA, 45VA and 240mm tube current, voltage rating and goniometer radius respectively and Digital electronic balance (Ohaus, model CS 200, 0-300g).
Material Processing
The snail shells were washed with detergent and sundried for seven days. The shells were crushed and ground into powder of 250 µm, as shown in Figure 1(b) . Three amounts of 30 g each of powdered samples of the snail shell was put in a stainless crucible and fired at 800, 850 and 900 0 C respectively in a carbolite electric furnace for three hours. 
Density Measurement
The density of the snail shell powder was determined using Archimedes' principle as in Usman et al. (2014) . This was performed by weighing the shell sample in air using the electronic weighing balance and then immersed in a graduated measuring cylinder to obtain the rise in volume. The rise in volume was then taken and recorded as the weight in water to determine the density.
Thermogravimetric Analysis (TGA/DTA)
The thermogravimetric analysis (thermal stability and temperature of destruction/burning Tdes) of the snail shell (SnS) powders was carried out at the Institute of Nano and Biotechnology Laboratory, Federal University of Technology Minna Nigeria, using the Perkin Elmer DTA/TGA4000 Thermogravimetric Analyzer at 10 0C/min constant heating rate in nitrogen atmosphere following the ASTM D6370 standard procedure. This was aimed at determining the thermal stability property of the snail shell as a reinforcement material.
Refractoriness
The pyrometric cone analysis (PCE) as recommended by ASTM C 24 -79 [1] was used to test for the refractoriness of the snail shell. The snail shell powder was prepared into 80 mm by 20 mm cylindrical form specimens after wet mixing and compacted using a hydraulic press. The prepared specimens were then air and oven (105 o C) dried for 24 and 48 hours, respectively. It was then transferred and set into the furnace in the way shown in Figure 2 . The furnace was heated at a standard heating rate of 5°C per minute during which the softening of Orton cone occurred along with the specimen test cone. The corresponding refractoriness temperature of the snail shell sample to the cone number was read out from the ASTM Orton Series.
(b) (a) Figure 2 . Pictorial view of the test specimen and standard cone (all in the furnace).
Mineralogical Characterisation Analysis
SEM/EDX Analysis
Three small samples of the snail shell were cut. Emery cloth of grade size 220, 320 and 400 mounted on the polishing machine was used to polish the specimen to produce a flat and smooth surface of the sample. The polished samples were placed on the sample holder and the images were captured with an ASPEX 3020 scanning electron microscope, model SIRIUS50/3.8 with an attached energy dispersive X-ray spectroscopy (SEM/EDX) machine. The machine was operated at an accelerated voltage of 5 to 15 kV to determine the snail shell powder (SnS) elemental composition.
XRF Analysis
The X-ray fluorescence analysis of both non and heat treated SnS powder samples prepared into pellets were loaded into the chamber of X-ray fluorescence spectroscopy running at 30 kV to determine the chemical composition and major oxide constituent present in the SnS powder at varying treated temperatures following the ASTM C114 standard procedure.
XRD Analysis
The XRD analysis of the snail shell powder was carried out using an Empyrean X-ray diffractometer DY 674 (2010) with 40mA, 45VA and 240mm tube current, voltage rating and goniometer radius, respectively. The powdered sample was prepared using the sample preparation block and compressed in the flat sample holder to create a flat, smooth surface. The sample was later mounted on the sample stage in the XRD cabinet. The Xray of Cu Kα radiations were collimated and directed onto the sample. Then, the snail shell powder sample was analysed using the reflection-transmission spinner stage and Theta-Theta settings scanning range of 4 to 75.000 degrees with a two-theta step of 0.026 at 13.7700 seconds per step. The intensity of the diffracted X-rays is continuously recorded automatically on a chart and the appropriate (Ө) and (d) values were then obtained as the sample and detector was rotated through their respective angles in line with the description of Madakson et al. [1] .
RESULTS AND DISCUSSION
Determination of Density
The density of the snail shell powder was found to be 1.63 g/cm 3 from Archimede's principle as discussed above. This value implicates that the SnS powder is a very light material with the tendency of reducing the overall weight of MMCs when incorporated. The value obtained falls below the range of density of fly ash, baggase, bread fruit hull ash, coconut shell ash and silica, which is within 1.8 and 2.2 g/cm 3 respectively, as
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Orton Cone Specimen currently used in metal matrix composites [1, 23] . This result suggests that the SnS powder may be presumed to be more suitable as a reinforcement material when compared with the weight of baggase, bread fruit hull ash, coconut shell ash and silica in the production of MMCs. 
Thermogravimetric Analysis
The DTA/TGA curve analysis for thermal stability and the temperature of destruction characteristics of SnS shell powder was illustrated in Figure 3 . The thermal stability of the SnS shell powder in terms of weight loss took place in four steps. The first phases corresponded to a temperature range of 27.7 -320 0 C, where no reasonable degradation of SnS powder was noticed. This implies that the SnS powder was thermally stable up to a 320 o C heating temperature, as observed in the work of Shafiu et al. [29] though with slight temperature differences. This might be linked to the strong and hard phases contained as revealed by the XRD analysis. A slight weight loss was observed at a temperature range of (320 -670 0 C) corresponding to the second phase. This corroborated the DTA curve fluctuations revealing the approach of thermal decomposition with a stretch in the contraction and expansion of the bonds binding the SnS molecules together. Thus, the initial loss in weight (~ 2 %) observed at this phase is presumed to be due to moisture escaping from the SnS sample [29] . A sharp degradation of the sample equivalent to (~ 14 %) loss in weight was observed between 670 0 C and 840 0 C (third phase). This implies that the thermal stability of the snail shell particle decreases above 670 0 C, which marked the occurrence of the sample degradation. In this condition, the complete thermal decomposition of SnS from calcium carbonate into calcium oxide and the liberation of carbon (iv) oxide occurred [29] . The maximum decomposition temperature of the sample was revealed by the DTA curve at 780 0 C. The presences of endothermic effects in the snail shell powder resulted in the evaporation and escape of volatile material at the oxidised and degradation temperatures respectively, as confirmed by the loss in weight in both stages. During the degradation stage, the snail shell which consists mainly of calcium carbonate as depicted by the EDX and XRF analysis is presumed to have undergone thermal decomposition into calcium oxide and carbon (iv) oxides, which evolved as gaseous material. This means that the major un-degraded constituent is presumed to include calcium oxides, some other trace substances and most likely the carbon residues materials. A further subjection of the shell sample above 840 0 C resulted in no significant loss in weight up to 900 0 C, as examined in this study. The interpretation of this result suggests that the snail shell powder could be a potential reinforcement material in the metal matrix composite, which has a higher maximum decomposition temperature, compared to many agro-wastes reinforcement materials. The result of the TGA/DTA curve obtained was similar and in good agreement with that of Nordin et al. [29] . It was generally observed that a removal of water and the alkyl group occurred in the first phase between room temperature and 518 0 C. This was however accompanied by a large and drastic reduction in the weight of the seashell due to a large loss of volatile substance between 580 and 815 0 C as well as the associated impurities with the SnS sample.
Refractories Determination
The snail shell powder was observed to have Seger Cone No. 22, from the Orton series with an equivalent temperature of 1400 0 C. The implication of this is that the snail shell powder can withstand an operating temperature of 1400 0 C without loss of strength at no applied load. This high refractoriness may be a result of the presence of hard oxides such as, MnO, CaO, Cr2O3, Al2O3, ZnO, SiO2 in the snail shell. This qualifies the snail shell to be used as reinforcement material in aluminium matrix for high temperature composite materials in automotive and aerospace applications. The above result was similar to the earlier results of Madakson et al., [1] and Atuanya et al., [23] where they obtained 1500 0 C as the refractory temperature of the coconut shell ash. 
Snail Shell Compositional Analysis
The results of the compositional analysis of the SnS particles in Figure 4 revealed the presence of calcium, carbon, oxygen, aluminium, silicon and sulphur as the major elements, while potassium, nickel, bromine, barium, tungsten, antimony and tin are in traceable amounts. The inference from Figure 4 shows that the SnS particle contains about 81%wt of calcium carbonate. The EDX of Figure 4 (b) also revealed the presence of two forms of calcium elements indicating that EDX SnS contains calcite and aragonite structures. The dark brown features of the surface formed major carbon atom strands responsible for the hard nature of the SnS. Some porous spaces were conspicuously seen on its surface morphology. This may serve as the breathing channels through which an exchange of respiratory products is taking place within the snail animals. The presence of all these hard elemental compositions signalled a good potential for inclusion of this waste in the metal matrix as low cost reinforcing materials. Table 1 shows the result of the oxide composition of the samples using the X-Ray Fluorescence (XRF) analysis. The result confirmed the presence of NiO, Fe2O3, MnO, CaO, Cr2O3, Al2O3, ZnO and SiO2 with CaO, Cr2O3 and Fe2O3 as the major constituents of the snail shell sample. The LOI represent substance loss on ignition. This may be a result of the thermal decomposition of the SnS particles on ignition into the calcium oxide and carbon (iv) oxide liberated alongside with some other volatile substances present in the sample. It can be observed from Table 1 that CaO and Fe2O3 increased with the increasing firing temperature while the loss on ignition substances decreases with temperature. This characteristic behaviour may be a result of firing above the decomposition temperature as revealed by the TGA/DTA analysis in which a lesser weight loss of the sample was observed. CaO, Fe2O3 and Cr2O3 are known to be among the hardest substances with the presence of other hard substances such as NiO, Al2O3, MnO, ZnO and SiO2 in traces, suggesting that the Archachatina Marginata snail shell powder can be used as a particulate reinforcement material in metal matrix composites with enhanced strength due to the possibility of the formation of a strong intermetallic bond between the matrix alloy and the hard substance snail shell powders. This result was similar to that obtained by previous researchers [1, 21, 23] for rice husk ash and fly ash, breadfruit hull ash and coconut shell ash, respectively.
Oxide Compositional Analysis of the Snail Shell Particle
XRD Analysis of the Treated and Untreated Snail Shell (SnS) Powder
The XRD pattern (Figure 5a) From the analysis of the XRD results above for both treated and untreated snailwaste shells, it could be observed that the major phases that exist prior to the treating process are either calcite or aragonite or both. The presence of these minerals in the shell forms the bases of the hard nature of the shells. Meanwhile, when subjected to firing at 900 o C for 3 hours, it was noticed that the aragonite minerals disappear or either alter themselves to form either calcite, lime or portlandite. This suggests that aragonite is presumed to be thermodynamically unstable and transformed into thermodynamically stable hard phases (calcite, lime and portlandite) that could possibly enhance the thermal mechanical resistance properties of the MMCs material when incorporated into the matrix and hence fitted for higher temperature applications such as automotive components.
CONCLUSIONS
Based on the results obtained in this work, the following conclusions can be drawn:
i) The percentage less in weight of the snail shell particles as compared to the industrial and agro-waste metal matrix reinforcement materials is (9.4 -25.9) %. ii) The presence of harder phases for both treated and un-treated snail shell powder attaining their thermodynamically stability at 840 o C as confirmed by the XRF, XRD and TGA analysis is responsible for the hardness of the snail shell. The snail shell particle calcined at 900 o C for 3 hours produced the larger percentage of harder phases that could be used for the enhancement of properties.
iii) The light weight, presence of harder phase and high refractoriness temperature of the snail shell particle makes it a promising candidate reinforcement material for enhancing the strength and thermal resistance of MMCs applicable in automotive components such pistons and connecting rods
